The photophysical properties of N,N-dimethylaniline-(DMA) substituted tetraethynylethene (TEE; 3,4-diethynylhex-3-ene-1,5-diyne) and related derivatives were investigated in a joint experimental and computational study. Measurements of the electronic emission spectra showed that these novel chromophores display a dual fluorescence which strongly depends on solvent polarity. Computational studies suggest that the twisted intramolecular chargetransfer state (TICT) model offers a possible explanation for the experimentally observed dual fluorescence. Time-dependent density functional calculations revealed that the initial excited state reached upon photoirradiation relaxes to a lower-energy TICT state in which either the dimethylamino group is twisted into an orthogonal position with respect to the remaining planar arylated TEE moiety or the entire DMA donor group takes an orthogonal orientation with respect to the rigid, planar TEE acceptor moiety. For the compounds investigated, the charge-transfer state responsible for the strongly solvent-dependent luminescence is directly connected with the initial excited state, namely, no crossing of states is involved.
Introduction
In the course of our investigations of the three-way chromophoric molecular switch 1 [1] (Scheme 1) featuring a TEE core [2] with DMA and arylated dihydroazulene (DHA) substituents, we remarked that the photochemical retroelectrocyclization of the DHA to the vinylheptafulvene (VHF) form [3] did take place only when the DMA moiety was protonated. In the absence of protonation, only slow but clean trans ± cis isomerization of the central TEE core [4] was observed. These studies also demonstrated that compound 1, with DMA as a strong donor and the DHA-appended TEE as a strong acceptor, [5, 6] undergoes efficient intramolecular donor ± acceptor interactions. Accordingly, the UV/Vis spectrum of 1 features a bathochromically shifted charge-transfer band at l max 464 nm. Upon protonation of the DMA group with trifluoroacetic acid, this band disappears and the longest-wavelength absorption maximum of 1´H shifts hypsochromically to l max 412 nm, which is in the range of the maxima (404 ± 420 nm) seen in the spectra of other TEE ± DHA conjugates lacking the strong DMA donor. [1b] Another remarkable feature of 1 is its emission behavior. Free 1 shows a strong fluorescence emission in solution that almost completely disappears after protonation with trifluoroacetic acid. [1, 7] In preliminary investigations, the maximum of this intense emission was found to be strongly dependent on solvent polarity, and in hexane a dual fluorescence (l max 505 and 541 nm; l exc 420 nm) was observed. In more polar solvents, CHEMPHYSCHEM 2001, 2, 423 ± 433 such as CH 2 Cl 2 , the emission spectrum featured only a single, strongly red-shifted band (l max 602 nm).
Dual fluorescence in organic donor ± acceptor compounds was first reported by Lippert and co-workers in 1962 . [8] The origin of the effect, however, is still somewhat controversial. [9, 10] There is general agreement on the fact that the first, higher-energy emission (ªB-bandº) is due to the initial excitation to the locally excited (LE) state, and that the second, lower-energy band (ªA-bandº) is due to emission from an internal charge-transfer (CT) state. The structure of the CT state, as well as the photochemical reaction coordinate connecting the two states, are the main sources of disagreement between the various models proposed.
The TICT model by Grabowski and co-workers [11, 12] assumes that the molecule from its LE state relaxes to a minimum on the excited-state surface by twisting the donor group into a plane perpendicular to the acceptor group. Along this twisting coordinate, there is an increase of the charge transfer from the donor to the acceptor group, which leads to the highly polar structure responsible for the A-band emission. Taking the example of 4-(N,N-dimethylanilino)benzonitrile (DMABN), the most intensely investigated compound in the context of dual fluorescence, the A-band would arise from a structure where the dimethylamino group is twisted by f 908 out of the plane of the benzonitrile moiety. In the planar intramolecular chargetransfer (PICT) model proposed by Zachariasse and co-workers, [13] on moving along the reaction coordinate from the LE to the CT state the molecule takes a strongly polar resonance structure (for DMABN: quinoid benzonitrile with a planar Me 2 N group). The RICT model [14] of Sobolewski and Domcke, where R stands for rehybridized, assumes that the molecular structure of the CT state shows atomic rehybridization in the acceptor group as a result of the charge transfer (for DMABN: rehybridization of the cyano group carbon atom from sp to sp 2 , planar Me 2 N group, and quinoid benzene ring).
The present study was initiated to shed light on the photophysical behavior of the DMA ± TEE donor ± acceptor compound 1 in a combined experimental and computational approach. However, we anticipated that the relevance of experimental data would be reduced in view of the complexity of the system and the occurrence of competing trans ± cis isomerization of the TEE core leading to a mixture of different compounds. Furthermore, the size of the molecule is beyond the reach of high-level computation. Therefore, we targeted investigations of a series of model compounds 2 ± 4 (Scheme 2), containing N,N-dialkylaniline donor and TEE acceptor moieties. In contrast to 1, trans ± cis photoisomerization of the model compounds is a degenerate process leading to the starting material only.
Herein, we report the synthesis and photophysical properties of compounds 2 ± 4. The data obtained from the photophysical measurements are compared to a series of quantum chemical calculations. The focus in these calculations was on the ground and excited-state potential energy surfaces (PESs) and the fluorescence properties. For the computations, time-dependent density functional theory (TDFT) was mainly used. Even though the evaluation of vertical electronic excitation energies using Kohn ± Sham response theory is well established, [15, 16] it is not until recently that implementations of the TDFT method in Scheme 2. Donor ± acceptor derivatives 2 ± 4 with N,N-dialkylaniline donor and tetraethynylethene acceptor moieties investigated in this study.
computer application programs became available. It has been shown that the method gives excitation energies that compare very well with the best ab initio methods available (see for example refs. [17, 18] ). Both experimental and computational data support a TICT model to explain the photophysical properties of N,N-dialkylaniline ± TEE donor ± acceptor conjugates. In compound 2 the Me 2 N as well as the entire DMA group can undergo rotation (see Figure 8 ), thus potentially allowing two different TICT states. We therefore use the term TICT not only for CT states formed upon rotation about the nitrogen ± phenyl bond but also for CT states formed upon rotation about other kinds of bonds.
Results and Discussion

Synthesis
Compounds 2 ± 4 were prepared starting from the 4-iodoaniline derivatives 5 ± 7, which were coupled to TEE 8
[1b] using the Pd 0 -catalyzed Shonogashira cross-coupling reaction (Scheme 3). They are stable solids which were fully characterized spectroscopically and gave correct elemental analyses. For comparison, phenylated 9 was also prepared starting from TEE 10
[5c] and iodobenzene.
Absorption and Emission Spectroscopy
The electronic absorption spectra of the three model compounds 2 ± 4 were recorded from CH 2 Cl 2 solutions (Figure 1 ). The spectra of 2 and 4 are very similar, with the longest-wavelength absorption maxima appearing at l max 434 and 438 nm, respectively. These results are in accord with the nearly identical planar conjugated p-systems in both compounds. Because of the steric hindrance arising from the two additional o-methyl groups, the dimethylamino group in 3 is twisted out of the TEE plane with the lone pair orbital of the nitrogen atom nearly orthogonal to the residual aryl ± TEE p-system. As a result of this deconjugation, the longest-wavelength absorption maximum of 3 is significantly shifted to higher energy (l max 388 nm) and the overall UV/Vis spectrum resembles the one of the phenylated TEE 9 (UV/Vis bands in 3: n Ä max (e) 35.8 (23 800 )). The strong similarity between their spectra suggests a similar nature for the vertically excited states of the two compounds. Clearly, intramolecular donor ± acceptor interactions are effective in 2 and 4, thereby inducing a bathochromic shift of the longest-wavelength absorption maximum, whereas such interactions only partly operate in 3 due to the sterically enforced deconjugation of the Me 2 N donor group.
The electronic emission spectra of 2 ± 4 were recorded in solvents of different polarity (hexane, Et 2 O, tetrahydrofuran (THF), CH 2 Cl 2 , MeCN, and BuOH). In contrast to the UV/Vis spectra, compounds 2 and 3 behave very similarly, while the fluorescence of 4 shows different features (Figure 2 ). The fluorescence of all three compounds is characterized by an increase in Stokes shift with increasing solvent polarity ( Table 1) . This is in accordance with the polar nature of the emitting excited states, that involves a charge transfer from the dialkylaniline donor to the TEE acceptor. The dependence of the Stokes Table 1 . Emission maxima [a] of 2 ± 4 in various solvents and the solvent polarity parameter Df. [19] [a] These values were obtained by deconvolution of the emission spectrum shown in Figure 2 . Using the program Origin, [20] the experimental data were fitted by a function consisting of three Gaussian terms:
shift on solvent polarity was analyzed as described by Lippert. [19] In Equation (1), the solvent polarity parameter Df is a function of the dielectric constant e and refractive index n of the solvent.
The plot of the emission band maximum as a function of this parameter for a given compound should show a linear behavior if the same excited polar state is responsible for the emission in the different solvents. Such a linear relationship, Figure 3 , was indeed observed for 2 and 3. The values recorded in BuOH must be excluded from the linear regression, as this protic solvent solvates the donor ± acceptor chromophores not only through nonspecific weak apolar and polar contacts but also undergoes specific, directional hydrogen-bonding interactions with the solute. It is also known that the data recorded in THF are affected by additional weak specific interactions, thus always being slightly under the regression line.
[12] The regression lines of 2 and 3 have very similar slopes (Figure 3 a) , which supports the conclusion that the emitting excited states of these two systems are of the same kind.
A possible explanation for the observation of a dual fluorescence for 2 is the presence of an emitting TICT state. Next to the fluorescence from the CT state, characterized by the A-band at l max 476 nm, an emission from the first excited state is observed in hexane for 2 (B-band, l max 457 nm). The comparison of the absorption and emission spectra of 2 in hexane clearly demonstrates the S 1 3S 0 transition character of this band (Figure 4 ). The photoexcitation of 3 does not directly lead to the emitting state but to a state higher in energy. Between the longest-wavelength absorption band (l max 388 nm, 3.19 eV) and the A-band in the fluorescence spectrum (l max 552 nm, 2.24 eV) in CH 2 Cl 2 , there is a gap of 0.95 eV (91.6 kJ mol À1 , Figure 4 ). The polar nature of the first excited state of 2, which is not found in compounds such as 3 and 9, suggests a close relationship to the TICT state. The twisting reaction coordinate is more likely not related to a conical intersection with an energetically higher lying state (S n ), but takes place on a single potential hypersurface (S 1 ; Figure 5 ). Thus, the TICT state would represent a competitive channel to the ground state which could provide an attractive explanation for the failure of the DHA 3VHF isomerization upon irradiation of 1. This reaction channel seems to be quenched by the relaxation of the vertically excited singlet state to the emitting TICT state.
The dialkylamino group in 4 is unable to rotate; accordingly, a TICT state similar to those described above is not possible. The plot of the Stokes shifts versus Df (Figure 3 b) reveals the presence of two emitting excited states. The polarity of the surrounding solvent determines which state is preferred for the emission. The jump from one emission state to the other takes place when the solvent polarity parameter reaches a value of Df % 0.21 ± 0.22. Both emissions are observed in THF (Df 0.21, l 1 , l 2 491, 592 nm) and CH 2 Cl 2 (Df 0.22, l 1 , l 2 489, 593 nm). A TICT state in which the entire methylindolino group is twisted out of the plane of the TEE moiety might be responsible for one of the emissions ( Figure 6 ). The presence of such a TICT state also finds support in the calculations described below. TICT states in which an entire N,N-dialkylanilino donor moiety is twisted out of the plane of the acceptor have been reported previously [21] (for further discussion, see refs. [22, 23] ). 
Computational Studies
Methods
The quantum chemical computations of the ground-and excited-state properties of compounds 2 ± 4 were performed using time-dependent density functional theory (TDFT; see ref. [15] for a review of the method) as implemented in the program Gaussian 98. [24] We used the B3LYP hybrid functional composed of the exchange functional of Becke [25] and the correlation functional of Lee, Yang, and Parr. [26] The 3-21G and 6-31G** Gaussian basis sets were used to represent the atomic orbitals. [27, 28] Density functional theory is known to exaggerate the cumulenic character in polyactylenic compounds. [29] Optimized geometries using the Austin Model 1 (AM1) [30] often are in better agreement with experiment, an observation that appears to hold also for the compounds considered in the present study. We therefore decided to perform the TDFT computations using AM1 geometries, a computational model referred to as TDFT ± B3LYP/ 6-31G**//AM1 or TDFT ± B3LYP/3-21G//AM1 when using the smaller basis set. The use of AM1 geometries only has a minor effect on the computed excitation energies (for 2, the differences are 6 nm for the small basis set and less than 1 nm for the bigger basis set), and use of this model is motivated by computational efficiency rather than by accuracy considerations.
In the present study, we do not apply any corrections for solvent effects. Unlike in DMABN and many other compounds, the states involved in TICT channels are always the first allowed excitations, and as these are strongly polar it is very unlikely that solvent effects will invert the ordering of the excited states. We also have to point out that even the 6-31G** basis set, due to the lack of diffuse functions, will not allow a description of Rydberg states. We anticipate, however, that these are not of importance in the present context.
Computational Details and Results
In order to validate the computational model used, we first computed the electronic absorption bands of compounds 2 ± 4. In Table 2 , the calculated and experimental longest-wavelength absorption maxima are compared. The TDFT ± B3LYP/6-31G**// AM1 calculations predict the first absorption for compounds 2 and 4 to occur at 425 and 444 nm, respectively (experimental values in hexane: 434 and 438 nm). The first absorption for 3 is correctly predicted to occur at a shorter wavelength, namely at 377 (388) nm. Using the smaller 3-21G basis set, we observe a somewhat larger discrepancy between computation and experiment, but the relevant qualitative features, such as the blue shift observed for the longest-wavelength absorption band of 3, are still correctly reproduced. The largest deviations between computed and experimental absorption energies, as measured for the three compounds in hexane, are 0.1 (6-31G*) and 0.23 eV (3-21G). For compound 2 the deviations are 0.06 (6-31G*) and Table 2 . Comparison of the computed and experimental (in hexane) longestwavelength absorption maxima, the composition of the absorption bands, [a] and the oscillator strength.
Compound Experimental
Computed values [b] l max [nm] l max [nm] Oscillator strength [c] Composition of band/ CI coefficients [a] The absorption bands are characterized by the configuration interaction (CI) expansion coefficients of the dominant excitations. The absorption spectrum was computed using the TDFT ± B3LYP/6-31G**//AM1 model. 0.09 eV (3-21G), respectively. We should point out that here we are comparing data representing vertical excitations without zero-point energy corrections (TDFT) with Franck ± Condon transitions (experiment). Even though it has been observed that the TDFT method may fail in situations with considerable charge transfer, [31] the results of the electronic absorption calculations as well as the results of similar studies on other charge-transfer compounds, such as aminobenzonitrile and derivatives, [32] show that there is reasonable agreement with the experimental spectra. The computational model chosen appears to be appropriate for the investigation of the spectral properties of the donor ± acceptor compounds 2 ± 4. For purely qualitative predictions, even the small 3-21G basis set may be adequate. Table 2 shows that for 2 and 4 the first excitation is primarily composed of an electronic transition from the HOMO to the LUMO (H 3L excitation). Figure 7 confirms that these are in fact charge-transfer excitations. Accordingly, the dipole moment for the excited state is 25.6 and 27.1 Debye, respectively (TDFT using the 3-21G basis set). In 3, however, the HOMO shows less amplitude on the DMA group (Figure 7 b) . In this case, the excitation has a strong component which is of TEE p 3p* character.
In the twisted compound 3, the donor effect of the Me 2 N group, namely the antibonding interaction between the nitrogen lone-pair and the p-system of the phenyl ring, is reduced, thus, relative to the HOMOs of 2 and 4 the HOMO of 3 is more stable. The LUMOs of all three compounds, on the other hand, have the same shape and orbital energies, with the charge located essentially on the TEE unit. The blue shift observed in the absorption spectrum of 3 can thus be related to the lower energy of its HOMO.
The hypothesis of a TICT state was further investigated by performing TDFT ± B3LYP/3-21G//AM1 model calculations. The computational strategy was to follow the rotation of the Me 2 N group about the N À C phenyl single bond, the rotation of the DMA group about the C phenyl ÀC TEE single bond, as well as the rotation about the central TEE double bond. All other structural parameters were kept at their ground-state values, that is, the electronically excited-state potential energy surface (PES) was probed only along these three specific coordinates with no relaxation of any other geometric parameters. A systematic search of excited-state potential energy surfaces is difficult to perform as to date the nuclear gradient computation for TDFT is not yet commonly available.
The excitation energies of the first four singlet excited states and the corresponding oscillator strength and dipole moments as a function of the angle of rotation of the Me 2 N and DMA moieties were evaluated as shown in Figures 8 and 9 . We observe that for both rotations the lowest singlet excited state shows a minimum of the excitation energy, a maximum for the dipole moment, and zero oscillator strength at a torsional angle t 908. This particular point also represents a minimum on the S 1 excited-state surface. The loss of oscillator strength and the gain in dipole moment while relaxing to a twisted conformation are part of the characteristics of a TICT state. For both rotation coordinates, only the lowest excited state shows TICT character.
The results for the rotation about the central TEE double bond are summarized in Figure 10 . Along this reaction coordinate, we observe a crossing of the S 0 and S 1 PESs for t 908, thus representing a radiationless transition channel. The minimum found with the 908 twisted TEE double bond also represents the lowest energy point of this excited surface identified so far.
In Figure 11 , all the potential energy surfaces along all three reaction coordinates for the first excited state are collected into one diagram for compound 2. For all three rotation coordinates, we find a minimum at t 908. For the rotation of the DMA group, the potential energy curve is monotonously falling, whereas for the rotation of the Me 2 N group we first observe a slight increase of the potential energy, followed by a steady descent to the minimum at t 908. An even higher barrier is observed for the rotation about the central double bond of the TEE unit. We have to point out that these PESs were obtained from calculations that only varied the angle of rotation about the Figure 7 . Structures and energies of the HOMO and the LUMO of compounds a) 2, b) 3, and c) 4, as computed using the TDFT ± B3LYP/6 ± 31G**//AM1 model (see text for discussion of the orbital features). The top structure always represents the HOMO, the bottom one the LUMO. Figure 8 . The a) excitation energy and b) oscillator strength for the first four singlet excited states of compound 2 as a function of the angle of rotation of the Me 2 N group about the NÀC phenyl single bond using the TDFT ± B3LYP/3-21G//AM1 model. c) The dipole moment is shown for the ground and the first excited state only. Note that even though the excitation energy is steadily decreasing, the energy of the emitting state is not (see Figure 11) . Symbols:^indicates S 0 ,^S 1 , & S 2 ,~S 3 , and Â S 4 . respective bonds specified above. All other geometrical parameters were kept fixed at their ground-state values. The barriers of 0.18 and 0.4 eV predicted for the rotation of the Me 2 N group and for the rotation about the TEE double bond, respectively, might therefore be drastically reduced or even disappear when additional parts of or the entire structure is allowed to relax. In a recent paper, [33] Mennucci et al. showed that in DMABN the minimum energy path connecting the LE state with the TICT state does not strictly follow the rotation coordinate but rather a coordinate that involves some wagging of the Me 2 N methyl groups.
In the case of either Me 2 N or DMA rotation, it is the first excited state which shows TICT character. The calculations further support the view, already expressed above when discussing the experimental results, that along the twisting reaction coordinate there is no conical intersection with an energetically higher-lying state, and that therefore the fluorescence process Figure 9 . The a) excitation energy and b) oscillator strength for the first four singlet excited states of compound 2 as a function of the angle of rotation of the DMA group about the C phenyl ÀC TEE single bond using the TDFT ± B3LYP/3-21G//AM1 model. c) The dipole moment is shown for the ground and the first excited state. Symbols:^indicates S 0 ,^S 1 , & S 2 ,~S 3 , and Â S 4 .
takes place on a single potential energy surface (see also Figure 5 ).
The calculations predict the emission energy of the A-band of 2 to be red shifted by 0.62 eV relative to the absorption energy if the emission is from the TICT state obtained by rotation of the Me 2 N group. If the emission is from the TICT state resulting from the twisting of the DMA group, the computed red shift is 0.41 eV with a predicted wavelength for the emission of 490 nm (see Figure 11 ). This value is between the values observed for the A-band in hexane (476 nm) and in Et 2 O (525 nm). For compound 2, based on these calculations, there is the option for emission from two different TICT channels belonging to the same excited state. The calculated excited-state surface, however, is not CHEMPHYSCHEM 2001, 2, 423 ± 433 Figure 10 . The a) excitation energy and b) oscillator strength for the first four singlet excited states of compound 2 as a function of the angle of rotation about the central TEE double bond using the TDFT ± B3LYP/3-21G//AM1 model. c) The dipole moment is shown for the ground and the first excited state only. Note that even though the excitation energy is steadily decreasing, the energy of the emitting state is not (see Figure 11) . Symbols:^indicates S 0 ,^S 1 , & S 2 ,~S 3 , and Â S 4 .
accurate enough to assess which of the two channels is the preferred one.
In compound 4, the dialkylamino group is locked in plane by incorporation into the five-membered ring structure and, therefore, only the entire methylindolino group is free to rotate. As in 2, we observe a steady energy decrease from the initial excited state along the twisting coordinate to a minimum at t 908 ( Figure 12 ). Again, we observe an increase of the dipole moment and a decrease of the transition dipole along the twisting coordinate. The calculations thus predict an A-band, which is due to a TICT state and which is red shifted by 0.49 eV from the absorption, placing the emission wavelength at 532 nm. This wavelength is somewhat shorter than the one observed in Et 2 O Figure 11 . The (one-dimensional) potential energy surfaces for the ground and first excited state of compound 2 along all three rotation coordinates using the TDFT ± B3LYP/3-21G//AM1 model. Ground-state energies are represented with black lines, excited-state energies with gray. Energies computed for the rotation of the Me 2 N group and the DMA group are indicated with^, whereas energies computed for the rotation about the central TEE double bond are marked with~. In addition, for clarity, the rotation of the DMA group is plotted for negative rotation angles (left side of the chart). The Figure shows the minimum of the first excited state PES at t 908 for the twisting of the Me 2 N and DMA groups. At the same angle, we also observe the crossing of the potential curves for the rotation about the TEE double bond (radiationless transition).
(556 nm), the shortest-wavelength emission measured for 4 that most probably is of A-band type.
From the experiments, based on the analysis of the dependence of the emission maxima on solvent polarity, indications are that the A-band emissions observed are due to two different charge-transfer states (Figure 3) . From the present computations, we learn that at least one of the CT states responsible for the A-band is of the TICT type. In order to further pursue the question of the nature of the second emitting state, we will need to perform more elaborate calculations (better basis sets, more extensive scan of the S 1 surface), and we will also have to include solvent effects in our computational model, similar to the work presented by Mennucci et al. on TICT states in DMABN. [33] We will also need to perform further experimental investigations in order to be able to reach more definite conclusions.
Conclusions
This work establishes the role of DMA ± TEE conjugates as a new class of donor ± acceptor compounds possessing an emitting CT state. The experimental data indicate that the first excited state of 2 possesses a reaction coordinate related to a twist of the dimethylamino group leading to a TICT state. Similar emitting properties of 2 and 3, in which the dimethylamino group is forced into orthogonality with respect to the adjacent phenyl group, tend to support this conclusion. In 4, the rotation of the dialkylamino group is not possible but a similar TICT state is reached, presumably by rotation of the entire methylindolino group out of the TEE acceptor plane. Compounds 2 ± 4 were prepared as model compounds for the three-way chromophoric switch 1 which failed to undergo photochemical dihydro- Figure 12 . The a) excitation energy and b) oscillator strength for the first four singlet excited states of compound 4 as a function of the angle of rotation of the methylindolino group using the TDFT ± B3LYP/3-21G//AM1 model. c) The dipole moment is shown for the ground and the first excited state only. The ground-state energy (not shown) only varies very little along the rotation coordinate (from 0.0 to 3.6 kJ mol À1 at t 908). Therefore, the excited-state curves can also be viewed as excited-state potential energy curves. Symbols:^indicates S 0 ,^S 1 , & S 2 ,~S 3 , and Â S 4 .
azulene 3vinylheptafulvene isomerization. The data suggest that this reaction channel of 1 is quenched by the efficient relaxation of the vertically excited singlet state to an emitting TICT state.
TDFT computations confirmed that the vertical excitation in compounds 2 and 4 is related to a charge transfer from the DMA group to the TEE moiety and that both compounds can relax to minima on the excited-state surface by twisting either the dimethylamino (in 2) or the entire dialkylanilino donor group (in 2 or 4) into a position perpendicular to the TEE acceptor. These minima are directly connected with the locally excited state, namely there is no crossing with other singlet surfaces involved.
From these minima, we predict emissions (A-band) that are close in energy to those observed experimentally in nonpolar solvents. The calculations thus show strong evidence for the presence of a TICT state for these two compounds.
In the DMA ± TEE conjugate 2, the Me 2 N substituent is free to rotate. However, the calculations indicate that also in 2 the A-band emission arises from the minimum on the excited-state surface that is due to rotation of the entire DMA group. Along this coordinate, a barrier-free connection is observed between the locally excited state and the minimum on the surface from where the emission occurs. For an A-band due to rotation of the Me 2 N substituent only, we predict a wavelength significantly longer than the experimental value in nonpolar solvents. We also observe a barrier of about 0.2 eV along that coordinate. Thus, experiment and calculation tend to disagree on whether the entire DMA group or only the Me 2 N moiety is twisted in the emitting TICT state in 2.
In compound 4, the analysis of the dependence of the emission maxima on solvent polarity indicated that the A-band is due to more than one emitting state. Without explicit consideration of solvent effects and, without an extended search on the excited-state surface, we are not in a position to provide a sound theoretical argument regarding the nature of the second emitting state. It is very likely, however, that one of the emitting states is a TICT state. The second emission might be form a minimum on the excited-state surface where the molecule retains planarity but adopts a highly polar resonance structure (for example, a quinoid ± cumulenic structure with a planar Me 2 N group). Such structures have been observed for the anions of TEE-based donor ± acceptor systems. [6] Experimental Section Solvents and reagents were reagent-grade and used without further purification unless otherwise stated. THF and Et 2 O were freshly distilled from sodium benzophenone ketyl. Compounds 5, [34] 8, [1b] and 10 [5c] were prepared according to literature procedures.
The electronic absorption spectra were recorded on a Varian Cary 5 UV/Vis/NIR spectrophotometer. For the electronic emission spectroscopy studies, a Spex 1680 0.22 m double spectrometer was used. The spectra were run in quartz cuvettes with a width of 1.0 cm. The excitation wavelength was of 400 nm for 2 and 4 and of 390 nm for 3. 28, 18.65, 40.11, 86.97, 100.72, 100.85, 100.91, 101.40, 104.00, 104.29, 104.47, 109.44, 111.56, 114.39, 118.17, 133.14, 150.45 
